I. INTRODUCTION
This report describes in detail an underwater acoustic transducer calibration system tailored to the present and future needs of the three Naval Shipyard Transducer Repair Facilities-Boston, Pearl Harbor, and San Francisco Bay. The severe need for such an up-to-date system at these existing facilities was reported to BuShips in February 1965; the system described herein represents the culmination of one phase of a study initiated by the Bureau of Ships, Code 1622D, for the purpose of correcting this deficiency.
It is emphasized that this report deals with only the calibration instrumentation. Other related needs at these facilities will be dealt with in the near future. Such needs as housing, adequate water conditions, and transducer handling and rotating capabilities will necessarily be custom engineered for each particular facility. Further study is necessary before standardized testing and calibration procedures can be cutlined for the repair facilities.
This will result in a greatly modernized counterpart of the existing Performance Standards Book for Sonar Transducers.
Section II presents the sequence of events that has led to the present report. The next section contains the system design parameters, a detailed description of the system and its components, and a general outline of testing procedures. A summary and recommendations conclude tne report. A list of system component prices is included as Appendix A; the minutes of the BuShips committee meeting at which the system design was approved compose Appendix B. One recommendation of this study was that steps be taken to improve the three transducer repair facilities which are located at Naval Shipyards-Boston, Pearl Harbor, and San Francisco Bay. These facilities were found to be lacking in up-to-date testing and calibration instrumentation, in adequate procedures, and in engineering assistance in general.
Defense Research Laboratory was given the responsibility of designing on paper an optimum standardized transducer calibration facility, with no particular installation in mind. The facility was to be designed for farfield acoustic measurements, but compatibility with nearfield techniques was to be maintained, if possible. The instrumentation was to consist of off-the-shelf items and was to be modular in design, if possible. The preliminary design, 2 in the form of a "first draft" report, was circulated to the proper government activities for comparison with existing facilities and for constructive criticism. The comments were analyzed and presented in a meeting at the Bureau of Ships on 2] October 1965^ This meeting was expressly for the purpose of using the general framework of the optimum system to design a standardized instrumentation system for the three transducer repair facilities. 2. Real-time plotting of rotational directional transmission (RET) beam patterns.
3. Real-time plotting of sensitivities vs frequency--pulsed or CW.
k. Real-time plotting of complex impedance or admittance vs frequency at full driving power-pulsed or CW. The types of measurements outlined allow computation of such parameters as directivity index, efficiency, and mechanical Q. Item 3 allows conventional reciprocity measurements to be made with a minimum of datareduction time. Item 6 was included to point out specifically that the design would not exclude any current shipyard test procedures.
Semiautomated reciprocity or comparison measurements, such as those 7 pioneered by the U. S. Navy Electronics Laboratory 1 were considered to be an optional capability of the optimum facility. The additional instrumentation necessary for this feature is listed as Option A.
In the 27 October 1965 meeting, oriented strictly to the Naval Shipyard Facilities, the entire list of capabilities was approved as reasonable for the shipyards with the exception of item 2. The desirability of this capability was questioned. The majority of the group favored elementwise or stavewise checking of transducers. Such checks are straightforward and would be sufficient if proper tests and tolerances were devised, because the shipyards are intended to deal with production transducers of proved design.
Because Boston makes RDT measurements already, item 2 was not deleted but was reduced to an optional status. This actually represents a philosophical decision that will be reflected in future work on s andardized procedures.
The result of this decision was the addition of two options to the power amplifier specifications. therefore, measurements could not be made at the exact drive levels specified for fleet use. This defeats the main concept of high-level impedance measurements-a transducer performance check at the full power driving level.
A general description of units recommended for the system is presented. Many of these serve obvious functions and require no explanation. The receiving subsystem is depicted in Figure 3 -The differential preamplifier (R-l) is a remote controlled unit which can be located above the water line near a transducer-thus eliminating long transducer test cables.
The line driver is for the purpose of driving the 75-^ input of the receive -7 December 1965 DDB:ph gate from the higher output impedance of the filter. The receive gate is triggered by the pulse-timing generator after an adjustable delay from the start of the transmit gate. A pulse detector plug-in unit, contained in each recorder (R-5 and R-6), generates a dc voltage proportional to the peak amplitude of the signal from the variable-length receive gate. At any instant, the detector output is proportional to the peak amplitude of the previous pulse that it received. There is no integration of the amplitudes of several pulses. In CW measurements, the receive gate is switched to the CW mode; the detector output is proportional to the instantaneous amplitude of the CW signal input. The detector drives the pen of the polar recorder (for polar directivity patterns) or the pen of the rectangular recorder (for rectangular directivity patterns or frequency responses). The chart drive signal to the rectangular recorder for frequency responses is provided by the frequency-tracking servo. This device (R-7) receives a signal proportional to frequency from the counter (T-8) and converts it to a chart position. For either type directivity pattern, the chart drive is provided by the synchro position output of the transducer rotator.
All functions described thus far in the three subsystems are either pulsed or CW.
Several auxiliary items are also specified as parts of the system. Among these are two wave analyzers that cover different portions of the frequency range. A mechanical sweep drive is included for sweeping a frequency range with the analyzers. A complex impedance-admittance meter is included for measuring low-power impedance or admittance (CW only). With this unit the real and imaginary components may be pleated vs frequency on a two-pen, X-Y recorder. This recorder may also be used to plot wave-analyzer output vs frequency.
An oscilloscope, ac voltmeter, calibrator, and step attenuator are included for general monitoring and system calibration purposes. placed at the center bearing. The entire receive subsystem is used in the CW mode except for R-6. R-5 must be used to plot the RDT pattern because of its higher pen response. The chart is ur\ven internally at constant speed for these measurements.
Sensitivities vs Frequency-Pulsed or CW
The entire transmit subsystem is used except T-2. T-5 is used to maintain constant current or voltage drive to the projector. The hydrophone output goes to the entire receive subsystem except for R-6. The chart drive for R-5 comes from R-7-For hydrophone calibration, the response of both the unknown hydrophone and a calibrated hydrophone are plotted on the same chart and compared. For projector calibration, ideally a calibrated hydrophone with a flat response is used to plot a response vs frequency on R-5« A known voltage, applied to the receive subsystem input, is used to establish a reference point on the chart for absolute calibration. If the standard hydrophone does not have a flat response, its response must also be plotted and taken into account.
The additional equipment constituting Option A permits the natural response of a hydrophone or projector to be "flattened" electronically. This permits absolute responses to be plotted without data reduction. Technique I is the more accurate of the two, involves little data reduction, but necessitates many pulses in order to achieve the nulls. The seven capabilities presented in section III.A were agreed upon as reasonable for shipyard transducer repair facilities. Only the measurement of RDT beam patterns was questioned and was reduced to an optional status.
With the exception of the measurement of complex impedance and of harmonic distortion, the system described herein is fully adequate for farfield acoustic measurements. Compatibility with nearfield techniques has been maintained. The recommended complex impedance instrumentation is somewhat makeshift; it can be improved as development progresses on instruments for more automatic, direct measurement of pulsed high-power impedance. As more is learned about the \itility of harmonic distortion measurements, it may be desirable to supplement the system with instruments more suitable for simple, fast checking than wave analyzers.
The final system design herein departs slightly from that agreed upon at the BuShips meeting of 27 October. The question of high-level impedance measurement capability-left open at the meeting-was answered by the highlevel impedance subsystem. This involved the addition of two variable bandpass filters, an oscilloscope, a calibrated phase shifter, an attenuator, and ac voltmeter. In the light of the consensus favoring elementwise and stavewise transducer checking at the shipyards, the firm power amplifier specification was changed to 2k kVA, which is adequate with a reasonable margin. Two options are specified that provide the capability for RDT or SDT measurements on four present fleet transducers. Several minor changes in the system were made, such as: (a) a different brand of equivalent variable bandpass filteis was specified;
(b) an additional electronic counter, included only for frequency monitoring purposes, was found to be unnecessary; (c) the model numbers of the ScientificAtlanta recording system were corrected; (d) the dc volt-ohm-milliammeter and the megohmmeter were omitted as system components due to the desirability of It is recommended that at least four units of the herein specified calibration system (including option A) be purchased for the shipyard transducer repair facilities as soon as funds are available. The system should be engineered so that all items are console mounted with appropriate internal cabling, impedance matching, and instrument cooling.
2. It is recommended that the question of the shipyards 7 requirement
for RDT or SDT testing capability be resolved as soon as possible in order that the 8 power amplifier modules as herein specified may be supplemented as is necessary.
3. It is recommended that the system be mounted in three separate consoles-console I for the 2k kVA power amplifier, console II for the highlevel impedance subsystem, and console III for the remainder of the system.
Consoles II and III shculd be mounted on casters for portability and should be arranged in such a way that other instruments might be added to them at some later time, U. In the event sufficient funds are not immediately available for the entire system to be purchased for the shipyard facilities, and in the event it is deemed necessary immediately to provide some instrumentation to the facilities, it is recommended that any instruments provided be components or subsystems of the recommended system so that at some later time these instruments may be integrated into the complete system. 6. It is recommended, concurrent with the system procurement, that the overall improvement and standardization program for the transducer repair facilities continue. Water conditions at each facility should be investigated and improved as necessary to achieve standard test distances and test depths, Additional specific requirements must be met in order to complement the new system. Due to the differences between facilities and the nature of these requirements, they could not be specified as parts of the system, but must be custom engineered for each transducer repair facility. These include adequate space in which to house the system, adequate cabling between the consoles and test shafts, and adequate transducer handling and rotacing capability. Console I should be permanently mounted remote from console III of the system and will require strong support due to its weight. Console III should be portable so that it can remain near the test shaft in use. Console II should be portable in order that it can be used adjacent either to console I or to con- Step Attenuator 150 ' -'.«*.
• '. i 
Brief
Several subjects relative to the instrumentation required by the Naval Shipyard Transducer Repair Facilities were discussed. Included in these topics were the desirability of standardization between shipyards, the use of bench tests, the need for Rotational Directional Transmission (RD'T) measurements on complete units, in-situ tests, package system versus discrete elements to be integrated into present system, availability of funds, procedures, and a discussion of each unit recommended by DRL.
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As a result of these discussions, a "master list" of instrumentation was generated. DRL agreed to compile this list and issue a final report, BUSHIPS will investigate the availability of funds.
Action Required
The Bureau of Ships is required to:
(a) Explore all possible sources of funds for money to purchase the specified calibration system, (b) DRL will complete final report based on the findings of this meeting. Mr. Spurlock inquired if the system was limited to one operation at a time. Mr. Baker explained that basically this was true, but that by use of two rotators, light and heavy, the console can be kept in operation near 100 per cent of the time. Examination of the overall system specifications revealed the need to shift the signal gate duration up one decade, i.e. to cover the range 100 micro-seconds to 10 seconds.
Proceeding with the overall system specifications review, the 20 modular 3 kVA power amplifiers were discussed. Mr, Baker explained that 60 kVA gave the capability to measure RDT beam patterns over a 60° sector for SQS-U and smaller ASW transducers. He further explained that 3 kVA modules were chosen because this is the power required to drive one stave of ehe SQS-U transducer.
Mr, Green and Mr. Wilms questioned the need for RDT measurements at the shipyards. Mr. VJilms pointed out that if an RDT measurement at the shipyard indicates satisfactory performance and unsatisfactory results are observed after shipboard installation, this only tells one that tha electronics are malfunctioning.
The discussion then proceeded to the remaining measurement capabilities specified by DRL-The real-time plotting of sensitivities vs frequency--pulsed or CW was deemed a desirable test and within the capability of the specified equipment" The real-time plotting of complex impedance or Each individual component recommended by DEI was then discussed.
Agreement was obtained on the best instrument for each unit. These choices will be itemized in the final DKL report. Relative to the rotators required, the attendees agreed that the individual requirements and existing rotators be reviewed before specifying a particular unit.
The system as specified is composed of the following instruments:
T-l: Scientific-Atlanta, Model 1118B, Pulse Timing Generator.
T-2: Grason-Stadler, Model ^55B, Noise Generator. 
